Dehydrogenative addition of aldehydes to a mixed NHC-osmium-phosphine hydroxide complex: formation of carboxylate derivatives by Buil, María L. et al.
 Dehydrogenative Addition of Aldehydes to a Mixed NHC-Osmium-
Phosphine Hydroxide Complex: Formation of Carboxylate Deriva-
tives 
ate 
Departamento de Química Inorgánica, Instituto de Síntesis Química y Catálisis Homogénea (ISQCH), Centro de Innovación 
en Química Avanzada (ORFEO-CINQA), Universidad de Zaragoza-CSIC, 50009 Zaragoza, Spain 
Supporting Information Placeholder 
ABSTRACT: The addition of the O-H bond of [OsH(OH)(≡CPh)(IPr)(P
i
Pr3)]OTf (IPr = 1,3-bis(2,6-
diisopropylphenyl)imidazolylidene, OTf = CF3SO3, 1) to the C-Hα bond of aldehydes is reported. Complex 1 reacts with n-










Pr3)]OTf (R = Et (6), CH=CHPh (7), Ph (8)) under CO atmosphere. 
The chemistry of hydroxide transition-metal complexes re-
mains little explored due in part to the difficulties encountered 
in their synthesis and to the facile decomposition pathways 
available.
1
 The reactions reported for these compounds can be 
grouped into five categories: i) protonation of the hydroxide to 
afford aquo complexes;
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 iii) formal 1,2-
addition of the M-O bond to olefins and internal alkynes;
8
 iv) 
formal 1,2-addition of the O-H bond to internal alkynes, cu-








Organometallic hydroxide complexes of platinum group 
metals are very scarce and their chemistry is underdeveloped, 
in particular for osmium. The known compounds of this ele-















 (IPr = 1,3-bis(2,6-
diisopropylphenyl)imidazolylidene),
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); and a few dimers.
16 
We have recently reported that the treatment of the mixed 
NHC-Os-PR3 hydride-alkylidyne complex 
[OsHCl(≡CPh)(IPr)(P
i
Pr3)]OTf (OTf = CF3SO3) with a NaOH 
water solution produces the replacement of the chloride ligand 
by a hydroxide group instead of the hydride abstraction, as is 
usually observed for cationic osmium-hydride compounds.
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which is stable and does not experience distribution reactions, 
undergoes hydroboration and hydrogenation reactions to give 











Pr3) (arene = 
PhCH2Bpin, Ph-CH3).
18 
Now, we have discovered that com-
plex 1 experiences a redox reaction with aldehydes such as n-
propanal, acrolein, cinnamaldehyde, and benzaldehyde, which 
does not fit within any of the categories previously mentioned. 





Pr3)]OTf (R = Et (2), CH=CH2 
(3), CH=CHPh (4), Ph (5)), which were isolated as yellow 
solids in about 80% yield, and H2 (Scheme 1). The reactions 
can be formally regarded as the addition of the O-H bond of 
the hydroxide ligand of 1 to the C-Hα bond of the aldehydes. 
The process could be initiated by the nucleophilic attack of the 
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Figure 1. Molecular diagrams of 2 and 4. 
The oxidation of the aldehydes was confirmed by means of 
the X-ray structures of 2 and 4, which prove the formation of 
the carboxylates (Figure 1). The coordination polyhedron 
around the metal center of both compounds can be rationalized 
 
 as a distorted octahedron with the NHC and phosphine ligands 
occupying trans positions. The perpendicular plane is formed 
by the bidentated ligand, the hydride, and the alkylidyne 
group. The Os-C(1) bond lengths of 1.713(7) Å in 2 and 
1.719(3) Å in 4 are consistent with the Os-C triple bond for-
mulation.
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 In agreement with the presence of the hydride 
ligand in the complexes, their 
1
H NMR spectra, in dichloro-
methane-d2, at room temperature show a doublet (J
2
H-P  16 





tra, the alkylidyne and NHC Cα-resonances appear as doublets 
at about 275 (J
2
C-P  9 Hz) and 180 (J
2





H} NMR spectra contain a singlet in the 
range 35.6 – 35.9 ppm. 
The high trans-influence of both hydride and alkylidyne 
weakens the chelate Os-carboxylate bond. As a consequence a 
transitory monodentated carboxylate group is generated, 
which allows the coordination of carbon monoxide.
 21
 The 
acidity of CO reduces the basicity of the metal center, favoring 
the hydride-alkylidyne to alkylidene transformation.
22
 Thus, 





Pr3)]OTf (R = 
Et (6), CH=CHPh (7), Ph (8)), in dichloromethane, under 
carbon monoxide atmosphere, at room temperature. Complex-
es 6-8 were isolated as yellow solids in 70-80% yield. The 
presence of a terminal CO ligand in 6-8 is strongly supported 
by their IR, which contain the characteristic ν(CO) band 
around 1940 cm
-1
. In the 
1
H NMR spectra, in dichloro-
methane-d2 at room temperature, the most noticeable feature is 
the absence of a high field hydride resonance and the presence 





H} NMR spectra show the alkylidene and 
NHC OsC-resonances as doublets at about 270 (J
2
C-P  10 Hz) 
and 175 (J
2
C-P  76 Hz) ppm, respectively. The phosphine 






In conclusion, mixed NHC-Os-PR3 carboxylate-hydride-
alkylidyne complexes can be prepared by formal addition of 
the O-H bond of five-coordinate hydroxide-hydride-alkylidyne 
compounds to the C-Hα bond of aldehydes. The coordination 
of CO to the metal center of the new species promotes the 
hydride-alkylidyne to alkylidene transformation. 
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